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Abstract 
Fossil species provide extensive information about the past history of life on Earth. This thesis 
focuses on the global and regional biodiversity dynamics of the extinct fossil group Chitinozoa, and 
analyzes the impact and influences of sea-level, global carbon cycling and tectonics on their biodiversity. 
Biodiversity curves were generated from three different paleo-continents, Laurentia, Baltica, and 
Gondwana using the automated graphic correlation computer program CONOP9. Traditional methods of 
biodiversity analysis count fossil taxa in individual intervals of geologic time. The results of these methods 
are highly dependent upon interval length and the relationship of taxon range to interval boundaries. 
CONOP9 utilizes an interval free approach to biodiversity analysis. Chitinozoan stratigraphic range data 
from fossil species collected on several ancient continents (Baltica, Laurentia, and Gondwana) were also 
combined and analyzed to compare the regional and global biodiversity plots. These biodiversity patterns 
were then compared to existing sea-level and carbon isotope excursion curves to examine the relationship 
between environmental change and Chitinozoan biodiversity. The three major carbon isotope excursions of 
the Ordovician, the MDICE, GICE, and HICE all occur during periods of reduced global chitinozoans 
biodiversity. Additionally, sea level to some extent appears to be related to chitinozoan biodiversity with 
reduced biodiversity during periods of sea level decrease and increasing biodiversity during periods of 
higher sea level. 
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Introduction  
The Earth is teeming with a rich and diverse assortment of biological life, which 
is both affected by and responding to extremely dynamic geologic processes. Geologic 
processes such as plate tectonics, climate change, sea level rise and fall, and 
biogeochemical cycles all impact the evolutionary dynamics of Earth’s biota. These 
geologic processes may also influence the biodiversity of species, and understanding the 
past relationship between Earth and life may help us predict the effects that modern 
climate change may have on Earth’s biota. Climate change is a critical problem facing the 
world today and understanding the way species may respond to global change is 
imperative in mitigating the possible consequences of these changes.  
A previous geological time period that could be used as a deep time analog for 
modern climate change is the Ordovician Period.  The Ordovician Period was a time 
interval of rapid and cyclical climate change between 488 and 443 million years ago. 
During the Ordovician global paleogeography was extremely different from the current 
configuration of the tectonic plates (Figure 1). The Earth was comprised of three main 
paleo-continents Laurentia, Gondwana, and Baltica, and many smaller plates. For modern 
day reference, Laurentia was of the progenitor of North America, Gondwana comprised 
Africa, Antarctica, India, and parts of Australia and South America. Baltica consisted of 
Scandinavia and the Baltic states (PALEOMAP Project 2007).  
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Figure 1: Map of the continents positions during the Middle Ordovician with 
modern day outlines (PALEOMAP Project 2007) 
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For much of the Early and Middle Ordovician Earth’s climate was extremely 
warm. This long Hot House period resulted in extensive melting of much of the glacial 
ice around the Earth and the polar ice caps. Consequently, sea level rose, flooding the 
continents with extensive warm, shallow epicontinental seas. The warm, shallow, well-
oxygenated character of these seas provided an excellent habitat for marine life during 
this time period (Cooper and Sadler, 2012). The suitable conditions for marine life during 
this time period resulted in one the greatest periods of biodiversification in Earth history 
referred to as the “Great Ordovician Biodiversification Event” (Webby, 2004). Towards 
the end of the Ordovician Period climate cooled significantly and precipitated one of the 
largest mass extinctions in Earth history (Figure 2). The mass extinction event at the end 
of the Ordovician Period was likely the result of tectonic activity and associated climate 
change, which resulted in global cooling and associated southern hemisphere glaciation 
on the continent of Gondwana. This resulted in an overall fall in sea level and the loss 
habitat due to the disappearing of the epicontinental seas (Cooper and Sadler, 2012). The 
extremes of climate change during this time interval provide a good representation of 
what might be expected from modern climate change.   
Understanding the effects of climate change on biodiversity requires a well-
sampled fossil record to avoid the biases commonly associated with biodiversity studies 
from the fossil record (Cooper, in Webby, 2004). These biases include uneven sampling, 
poor preservation, and the uncertainties of locating true range ends of fossil taxa.  
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Figure 2: The increase at the beginning of the Ordovician indicates the Great 
Ordovician Biodiversification Event. The decrease at the end of the Ordovician 
marks the mass extinction, coinciding with the climate deterioration. From: 
geol.umd.edu.  
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Research Goals: 
This research project examines the relationship between Ordovician 
environmental change and the biodiversity a group of extinct microfossils called 
Chitinozoans. Chitinozoans are an abundant and well-sampled group of species during 
the Ordovician. They are organic walled microfossils with unknown taxonomic affinities. 
They are shaped like tiny flasks and beakers and have various spiked ornamentations on 
the outside (Figure 3). Their taxonomic affinities are largely unknown, but because 
clusters of them have been found together some researchers have suggested that they may 
be the fossilized eggs of Paleozoic gastropods and arthropods (Paris and Nõlvak, 1999). 
 Chitinozoans existed from the Early Ordovician to the end of the Devonian 
Period and possibly continued thorough the Carboniferous and Permian time periods. 
However, examples of Chitinozoan fossils in post-Devonian rocks are extremely rare and 
it is not clear exactly how prevalent they were during the Carboniferous and Permian 
(Armstong and Brasier, 2005). Chitinozoans occur in rocks that represent a variety of 
marine environments, ranging from deep water basinal shales to carbonate-dominated 
shelf environments, and were distributed globally across all paleo-continents. 
Chitinozoans are extremely useful fossils for a multitude of reasons. Their global 
distribution, abundance, rapid evolution, and overall biodiversity makes them excellent 
index fossil for the Ordovician. Index fossils are species whose evolutionary patterns and 
abundance during their respective time period help to correlate stratigraphic sections to 
geologic time as well as other stratigraphic units. Thus, chitinozoans are a useful fossil 
group in which to examine the effects of Ordovician environmental change on marine 
biodiversity.   
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Figure 3: Images of Chitinozoans From Butcher et al. 2010 
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 In this study I compiled both regional and global biodiversity curves for 
Ordovician chitinozoans. In order to construct these curves I first had to produce a set of 
regional stratigraphic correlation models as well as a global stratigraphic model using the 
graphic correlation program CONOP9. I compiled individual section data for the paleo 
continent Laurentia and used existing datasets for Baltica and Gondwana. The datasets 
were run both individually and together in CONOP9 to produce regional biodiversity 
curves and a global biodiversity curve. Once this was accomplished, I compared the 
regional and global biodiversity patterns with each other and with paleoenvironmental 
proxy data to better understand the relationship of biodiversity to global environmental 
changes such as sea level rise and fall and carbon cycling.  
 
Methodology  
Creating a composite set of species ranges: 
The data used and examined in this study was compiled from previous published 
literature on chitinozoan biostratigraphy. I extracted stratigraphic range data from 
published literature that detailed chitinozoan occurrences on the paleo-continents of 
Baltica, Laurentia, and Gondwana.  The data that I collected focused on First Appearance 
Datums (FAD’s) and Last Appearance Datums (LAD’s) data with additional, more 
detailed presence/absence data for each collection horizon. FADs and LADs are the end 
points of the stratigraphic ranges of taxa in the fossil record. The total stratigraphic range 
of a taxon is an approximation of the total duration of that taxon in Earth history, as best 
as can be estimated from the fossil record.  
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Accurate calculations of biodiversity without bias through time require good 
estimates of the stratigraphic ranges of the taxa that are being studied. Sampling, 
preservational, and ecological biases make it difficult to construct accurate and precise 
stratigraphic ranges of individual species. In order to avoid these inherent biases 
composite ranges need to be created from the entire set of LADs and FADs of species 
from multiple sections (Sadler et al 2014).  
Measuring biodiversity as a whole poses a series of complications that need to be 
acknowledged and accounted for when analyzing biodiversity. There are four distinct 
ways as species can exist within any set time interval (Figure 4). The species can range 
through the entire interval. The species can originate before and become extinct during 
the interval or originate during and become extinct sometime after the interval. Finally, 
the species range can originate and terminate within the interval (Cooper, in Webby, 
2004). Consequently, different methods of counting taxa in a time interval, which take 
into account the different relationship of their stratigraphic ranges to that interval, yield 
different biodiversity estimates. Counting taxa in unequal time intervals will likely result 
in a biodiversity count that is proportional to the length of the interval. Hence, longer 
time intervals will generally have greater numbers of taxa. Attempts to avoid this include 
using equal duration time units, which can be difficult to construct, and using 
normalization techniques that still often result in varying and inflated biodiversity 
calculations (Cooper, in Webby, 2004). For example, Cooper (in Webby, 2004) 
suggested giving a full score to range through taxa and half scores to species ranges that 
begin, end, or are restricted to the time unit in question. Another method, normalized 
biodiversity, assigns points based on how well the species range is described within the 
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time interval (Cooper in Webby, 2004). Normalized biodiversity relative to other interval 
based methods provides the best estimate mean standing diversity in geologic time.   A 
new approach, which avoids counting within intervals completely, is provided by a 
computational method called Constrained Optimization (CONOP9).  
CONOP9 is an automatic graphic correlation computer program and unlike 
traditional biodiversity analyses the program constructs an interval-free biodiversity 
curve by creating a composite stratigraphic section from all of the taxon FAD’s and 
LAD’s in multiple individual sections. CONOP9 uses an annealing algorithm to compile 
a composite stratigraphic section based on input stratigraphic range information. The 
input data consists of a prepared dataset containing the stratigraphic range data for 
various taxa from preselected sections. CONOP9 then searches through all the possible 
sequencing and spacing of range end possibilities (numbers of which can range up into 
the trillions based on the amount of input data) and chooses the best possible solution 
(Sadler et al 2003). CONOP9 decides the best solution based on the lowest total penalty 
occurred in producing the result. Penalty is assigned for every taxon range extension and 
manipulation.  
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Figure 4: The four ways that a species can be present in a time interval. a) range 
through, b) originate in the interval and range beyond it, c) originate before the 
interval and end within it, d) restricted to the time interval. From Cooper, in 
Webby, 2004. 
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The user may also adjust the parameters manually for specific tasks in order to 
analyze in greater detail a certain result. CONOP9 also prevents impossible occurrences 
such as an FAD occurring after an LAD. In addition the program also maintains all 
observed species coexistences and attempts to avoid and minimize any unobserved 
species co-occurrences. The program operates under a parsimony principle, assuming that 
the simplest solution is likely the right solution. Thus it attempts to minimize extension of 
taxon ranges. Instead of using a traditional interval based approach in which the counts of 
biodiversity are summarized per geologic intervals CONOP9 uses an interval free 
approach. An interval free instead of using intervals uses a running total of FADs and 
LADs and compares them to one another in a composite comprehensive composite.  
Biodiversity curves are then produced from the composite by subtracting running total 
LADs minus running total FADs.  Using CONOP9 to calculate composite taxon ranges 
and construct a biodiversity curve can provide new insights into both regional and global 
chitinozoan biodiversity patterns and the effects of geologic cycles on biodiversity. 
 
Data Collection: 
 
In order to minimize human input error the data were extracted from stratigraphic 
range charts in the published literature using a computer program titled OnlyALAD 
(Figure 5, Sheets et. al., 2014). This program allows the user to collect stratigraphic range 
end and presence/absence data for each species from individual collection horizons 
within its overall stratigraphic range. The program also contains a taxonomic dictionary 
that contains an extensive compiled list of taxa and is used to prevent spelling errors in 
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taxon names when compiling data. The data that I used included the data that I compiled 
from localities on the Laurentian paleo-continent (23 localities, 92 Species) as well as 
two previous compiled data sets for the paleo-continents Gondwana (62 localities, 152 
species) and Baltica (27 localities, 140 species).. The resulting integrated data set 
consisted of a total of 112 different stratigraphic sections and 282 species and allows for 
a nearly global examination of chitinozoan biostratigraphy and biodiversity, as well as a 
comparison among different regions (Appendix I). 
 
Results 
Correlation Model: 
One of the results of CONOP9 is a correlation model of stratigraphic sections. 
The correlation model displays the distribution of FADs and LADs within all of the 
sections over the three paleocontinents Laurentia, Gondwana, and Baltica. The model 
shows the density of events (FADs and LADs) within the sections - time intervals with 
light grey areas have few FADs and LADs and intervals with darker grey areas have 
many events (see Figure 6). These event-rich time intervals within each sections are 
better constrained with respect to time and their correlation with the global composite. 
Overall the correlation models indicates some sections are not very will sampled or 
contain only a few species with long ranges leading to some imprecision in the time 
placement for some sections.  
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Figure 5: OnlyALAD computer interface window.  The dashed pink lines mark 
collection horizons and the dotted green line mark individual taxa. 
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Figure 6: CONOP9 Correlation Chart – The light grey areas are event (FADs and 
LADs) poor intervals; the dark grey intervals are event rich. 
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Figure 7: Range Chart of Laurentian Taxa. Taxa highlighted in red are Laurentian index 
taxa and were used to evaluate the composite.   
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Details of the Range Chart: 
After running a composite CONOP9 provides the composite stratigraphic ranges 
(FADs and LADs) of each species as part of its output. From this output file a 
stratigraphic range chart can be created (Figure 7). The range chart mostly matches the 
accepted order of index taxa and biozones for the region of Laurentia. However, some 
range discrepancies do exist in the range chart. Some of the chitinozoan species’ LADs 
appear and range much higher, or their FADs sink much lower than what is the accepted 
order of taxa. For example, Belonechitina pirum has a FAD that is older than what is 
expected from accepted order of index taxa. Additionally, Conochitina brevis occurs 
much earlier than it should in the range chart. These range chart produced from CONOP9 
differs from those constructed in more conventional biostratigraphic studies for several 
different reasons. One factor that could influence these differences is the way the 
CONOP algorithm assesses range extension penalties. If a LAD at the top of a section or 
a FAD at the bottom of a section is artificially truncated by the section end, and it does 
not co-occur with the LAD or FAD of another species in the dataset, CONOP may let this 
LAD or FAD float or sink unrestrained to the top or bottom of the range chart with no 
penalty assessment. Second, it may be that taxon identification errors by the individual 
study authors could cause erroneous range extensions. Finally, some taxa such as 
Conochitina brevis only have one short occurrence in one section in the entire data set. 
As a result the program is unable to constrain the taxa range due to the limited available 
data. 
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Biodiversity: 
 
The data from each paleogeographic region was run thorough CONOP9 
separately to create separate biodiversity curves for each individual region (Figure. 8). 
The sequence of index taxa in the Baltic region CONOP composite results matched the 
published chitinozoan zonation with each index taxon falling into the correct stratigraphic 
position.  The Baltic biodiversity curve shows that the period of highest biodiversity 
occurred during the Darriwilian Global Stage with a slight decrease at its upper boundary 
with the Sandbian Stage (base of the Upper Ordovician Series). Diversity began to rise 
again through the Sandbian Stage, but eventually began to decrease as the end of the 
Sandbian period approached and continued to decrease in the Katian and Hirnantian. 
In the Laurentian composite, a few of the index taxa were not in the same 
sequence as in published data. This is likely due to their rare occurrence in the section 
data which prevented the program from constraining their ranges and their range ends 
consequently “floated or sank” in the CONOP composite. The fact that taxa commonly 
accepted as biostratigraphically useful index taxa are actually uncommon in sections 
described in the published literature is difficult to explain. The Laurentian biodiversity 
curves shows that the highest chitinozoan biodiversity occurred during the Sandbian 
Stage with another small spike during the Katian. 
 The Gondwana biodiversity curve was the most problematic even though it 
contained the highest amount of section and event data. Our CONOP9 curve did not 
match well with previously published curves (see Grahn and Paris, 2010; Paris et al. 
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2004). Several of the index taxa in this region only occurred in one or two sections 
creating similar problems to those found in the Laurentian data. However, correcting for 
these errors shows Gondwanan biodiversity was highest during the Hirnantian. 
Comparing the individual biodiversity results together shows several interesting 
occurrences. The Laurentian peak occurred during a low of Gondwana biodiversity and 
during the descent of Baltic biodiversity. Additionally, a rise in biodiversity occurred 
during the boundary of the Katian and Hirnantian in both the Laurentian and Gondwana 
data, but not the Baltic data. The presence of these patterns could be the result several 
factors such as more sampling in some regional localities and geologic periods, 
lithofacies changes, or latitudinal effects. The Gondwanan peak in the Hirnantian could 
simply be the result of the fact a large portion of the section data is sampled from that 
time. The preferential sampling could be due to either better conditions for fossil 
preservation or the focus of researchers on this time period in particular. Additionally, the 
extensive variation on a regional level suggest that individual regional tectonic and 
oceanic events have more significant of an impact regionally then global environmental 
events. 
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 Figure 8: Regional Biodiversity Analysis comparisons. Calculated from CONOP9 
interval free diversity curve produced from total FADs minus LADs. 
  
L. Ord. 
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The data from Baltica, Gondwana and Laurentia were put all together in a single 
data set to construct a global composite. Due to some of the previously mentioned 
problems with unconstrained taxa, some blocks of index taxa for the individual regions 
sank or floated within the composite especially within the Gondwana data. Interestingly, 
these regional index taxa maintained a correct sequence relative to each other, but the 
zones that they define did not correlate well with other regional zones. Adjusting for 
these exceptions a global chitinozoan biodiversity curve was produced (Figure 9). The 
integrated composite has several distinguished features. The curve has several peaks of 
biodiversity occurring in the Sandbian, Katian, and Hirnatian stages and shows a plateau 
of biodiversity throughout the Darriwilian. 
Discussion 
The biodiversity curves for each individual region were compared to existing 
published biodiversity curves (Figure 10). The published biodiversity curves were created 
using a measure similar to normalized biodiversity called balanced total diversity (BTD). 
The relative peaks and lows of the Baltic and Laurentia biodiversity matched those found 
in the published literature (Paris et al. 2004). However, the Gondwana curve did not 
match the published curved and is missing a peak of biodiversity during the Sandbian that 
is present in the published curve. This could be the result of a bias created as a result of 
more data, especially recently, being present for the upper and middle Ordovician 
particularly the Hirnantian e.g. Achab et al. 2011,Abuhmida, F. 2013, Ghavidel-Syooki, 
M. et. al. 2011, Le Herisse et. al. 2013. However, the other two CONOP9 produced 
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curves Baltica and Laurentia matched the published curves produced using the more 
conventional interval based method of balanced total diversity. 
The integrated global composite biodiversity curve was also compared to a 
published global balanced total biodiversity curve and was missing a middle Ordovician 
peak in the Darwillian, but had the published subsequent later peaks in the upper 
Ordovician (Figure 10). The missing peak that is present in the published curve, but not 
in the CONOP9 produced curve is likely the result of the missing peak in the Gondwana 
biodiversity curve carrying over into the integrated composite or possibly the prevalence 
and dominance of the Baltic and Laurentia data during this time. The heavy amount of 
Hirnantian data in Gondwana could have inflated biodiversity in the composite causing 
early peaks to no longer appear. Additionally, most of the Baltic and Laurentian data 
occurs in the early and middle Ordovician can could also reduce or obscure the peak in 
the middle Ordovician.  
 
  
P a g e  | 22 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9: Global Biodiversity Pattern comparisons to sea level and carbon isotope 
excursion curves. The black line is a CONOP9 interval free diversity curve 
produced from total FADs minus LADs. 
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Correlation to Sea level and Carbon Stable Isotopic Excursions: 
Several environmental factors are correlated strongly with chitinozoan 
biodiversity on Earth (Achab and Paris 2007). One of the main environmental variables is 
sea level regression and transgression cycles. Periods of regression result in the erosion of 
continental shelf removing habitat for marine life including chitinozoans and generally 
reducing the chance of fossilization. Periods of transgression have the opposite effect. 
These periods of high sea level provide more habitat for marine life to exist within and 
would likely result in a spike in biodiversity (Achab and Paris 2007). The results of the 
integrated composite curve were compared to an existing Ordovician sea level curve with 
several noticeable features (Figure 9). Many of the highs of sea level occur with highs in 
biodiversity and many of the lows in sea level occur with lows in biodiversity. 
 Another environmental variable to compare to the global biodiversity curve is 
changes in the global carbon cycle as expressed by carbon stable isotopic excursions in 
rocks and/or organic matter. Even though their exact cause and origin is unclear these 
changes likely represent significant global environmental events.. Photosynthesis in 
plants favors 12C sequestration over 13C in organic matter due to the reduced amount of 
energy needed in the reaction (Kump and Arthur, 1999). 
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Figure 10: Normalized diversity curves for the Ordovician chitinozoans from Laurentia, 
Baltica and northern Gondwana regions, and global curve. The dashed lines represent the 
available samples per time-slice. (Paris et al. 2004) 
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The favoring or 12C over 13C results in an oceanic environments depleted of 12C. 
In contrast, the organic-rich sediments deposited at the bottom of the ocean contain 
elevated levels of 12C due to its concentration in photosynthetic processes and typically 
this organic material  remains isolated and does not quickly return to the environment.  
However, some periods have uncharacteristically high levels of 13C in rocks suggesting a 
spike in plankton productivity, sea level changes or shelf erosion  in  order to account for 
the lack of deposited 12C (Young et al. 2005).  
Notable carbon isotopic excursions are the Middle Darriwilian Carbon Isotopic 
Excursion (MDICE), the Guttenburg Carbon Isotopic Excursion (GICE), and the 
Hirnantian Carbon Isotopic Excursion (HICE) (see Figure 9). When these major carbon 
cycling events are compared to the global biodiversity curve several interesting features 
appear. There is a plateau of global biodiversity that coincides with the MDICE. 
Additionally, the GICE and HICE appear to co-occur with drops in global chitinozoan 
biodiversity. Carbon isotopic excursions, even though their exact nature is unknown, 
reflect significant changes in the marine environments on Earth and the co-occurrence of 
these events with drops in chitinozoan biodiversity suggest they may have negatively 
impacted the species.   
 
Conclusion 
 
This study’s goal was to examine the biodiversity of chitinozoans on both a 
regional and global level, using the CONOP9 interval-free approach to avoid biases and 
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error within traditional biodiversity calculations. The Ordovician Period, due to its strong 
climatic changes and periods of high biodiversity makes it an excellent deep time analog 
to modern day climate change. In my analysis of global biodiversity using CONOP9 I 
found biodiversity increased up to the Katian, decreased slightly and rose again within 
the Katian, decreased approaching the Hirnantian, increased after the HICE and then 
decreased towards the end of the Ordovician.  
Global biodiversity also appears to have some correlation with sea level and 
carbon cyclicity. Lows and highs in sea level appear to co-occur with lows and highs in 
biodiversity respectively, and each of the Carbon Isotopic excursions appear to co-occur 
with plateaus and/or decreases in global chitinozoan biodiversity. The correlation of these 
events suggest the idea that marine life is affected by these geologic cycles. This study 
can help to understand the impact of continuous geologic cycles and climate on the 
biodiversity of marine life on Earth. 
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(Appendix II) Laurentian Data Set CONOP9 Files 
Section (.SCT) File 
 
Section# Abbreviation Fence Order Name Include 
1 'DGW' 1 'Deminex Garnie' 1 
2 'RIW' 2 'Rowley' 1 
3 'LQB' 3 'Levis Quebec' 1 
4 'NAW' 4 'NACP no1' 1 
5 'PDR' 5 'Pointe du' 1 
6 'ACS' 6 'Achab comp' 1 
7 'PLF' 7 'PointeLafra' 1 
8 'MRC' 8 'Monitor R' 1 
9 'CFY' 9 'Clays ferry' 1 
10 'CKY' 10 'Covington' 1 
11 'FFK' 11 'Frankfort' 1 
12 'MNK' 12 'Minerva' 1 
13 'QUE' 13  'Quebec'      1 
14 'CHI' 14 'China Indi' 1 
15 'CFA' 15 'Clifton' 1 
16 'MYK' 16 'Maysville' 1 
17 'NPI' 17 'NewPoint' 1 
18 'CPM' 18 'Cape Manning' 1 
19 'MSC' 19 'Monitors' 1 
20 'VNC' 20 'Vinni' 1 
21 'OBC' 21 'Ohio Brush' 1 
 
  
P a g e  | 37 
 
Event File (.EVT) 
 
Taxon# Nickname Name 
1 'ABB' 'Acanthochitina barbata' 
2 'AYM' 'Ancyrochitina merga' 
3 'AYA' 'Ancyrochitina ancyrea' 
4 'AYB' 'Ancyrochitina barbescens' 
5 'AYC' 'Ancyrochitina corniculans' 
6 'AYE' 'Ancyrochitina ellisbayensis' 
7 'AYS' 'Ancyrochitina spongiosa' 
8 'ACP' 'Angochitina capillata' 
9 'CVA' 'Cyathochitina vaurealensis' 
10 'BCT' 'Belonechitina cactacea' 
11 'BCP' 'Belonechitina capitata' 
12 'BCN' 'Belonechitina concava' 
13 'BGM' 'Belonechitina gamachiana' 
14 'BHR' 'Belonechitina hirsuta' 
15 'BMT' 'Belonechitina martinica' 
16 'BMA' 'Belonechitina micracantha A forma' 
17 'BMC' 'Belonechitina micracantha' 
18 'BPP' 'Belonechitina parvispinata' 
19 'BPR' 'Belonechitina pirum' 
20 'BRP' 'Belonechitina repsinata' 
21 'BRB' 'Belonechitina robusta' 
22 'BST' 'Belonechitina senta' 
23 'BTS' 'Belonechitina tenuispinata' 
24 'BWB' 'Belonechitina wesenbergensis' 
25 'CLT' 'Calpichitina lata' 
26 'CSB' 'Calpichitina scabiosa' 
27 'CMS' 'Calpichitina megastrophica' 
28 'CCN' 'Clathrochitina concinna' 
29 'CBC' 'Conochitina baculata' 
30 'CBV' 'Conochitina brevis' 
31 'CEG' 'Conochitina elegans' 
32 'CKJ' 'Conochitina kjellstromi' 
33 'CMY' 'Conochitina macastyensis' 
34 'CML' 'Conochitina maclarti' 
35 'CMN' 'Conochitina minnesotensis' 
36 'CNV' 'Conochitina naevia' 
37 'COH' 'Conochitina oklahomensis' 
38 'COD' 'Conochitina ordinaria' 
39 'CSC' 'Conochitina subcylindrica' 
40 'CSY' 'Conochitina symmetrica' 
41 'CTB' 'Conochitina tribulosa' 
42 'CDP' 'Conochitina decipiens' 
43 'CRY' 'Conochitina raymondi' 
44 'CCP' 'Cyathochitina caputoi' 
45 'CCM' 'Cyathochitina campanulaeformis' 
46 'CHY' 'Cyathochitina hyalophrys' 
47 'CKS' 'Cyathochitina kuckersiana' 
48 'CKB' 'Cyathochitina kuckersiana brevis' 
49 'CLP' 'Cyathochitina latipatagium' 
50 'CKV' 'Cyathochitina kuckersiana var. I' 
51 'DHY' 'Desmochitina hymenelytra' 
52 'DMN' 'Desmochitina minor' 
53 'DND' 'Desmochitina nodosa' 
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54 'DRG' 'Desmochitina rugosa' 
55 'EPV' 'Eisenackitina parvicolla' 
56 'EPC' 'Eisenackitina parvicolla convexa' 
57 'ERP' 'Eisenackitina ripae' 
58 'FPV' 'Fustichitina pervulgata' 
59 'FGD' 'Fustichitina grandicula' 
60 'FVT' 'Fustichitina ventriosa' 
61 'HCM' 'Hercochitina crickmayi' 
62 'HFM' 'Hercochitina filamentosa' 
63 'HGP' 'Hercochitina grandispina' 
64 'HMN' 'Hercochitina minuta' 
65 'HNM' 'Hercochitina normalis' 
66 'HTB' 'Hercochitina turnbulli' 
67 'HQD' 'Hercochitina? duplicitas' 
68 'HSB' 'Hoegisphaera scabiosa' 
69 'KMP' 'Kalochitina multispinata' 
70 'KQR' 'Kalochitina? rarispinosa' 
71 'LBL' 'Lagenochitina baltica' 
72 'LEH' 'Lagenochitina esthonica' 
73 'NPV' 'Nevadachitina praevininica.' 
74 'NVN' 'Nevadachitina vininica' 
75 'ONV' 'Ordochitina nevadensis' 
76 'PCV' 'Parachitina curvata' 
77 'RMG' 'Rhabdochitina magna' 
78 'RTG' 'Rhabdochitina turgida' 
79 'RUS' 'Rhabdochitina usitata' 
80 'SCP' 'Saharochitina compactilis' 
81 'SFF' 'Saharochitina fungiformis' 
82 'STG' 'Spinachitina taugourdeaui' 
83 'TAN' 'Tanuchitina anticostiensis' 
84 'TEG' 'Tanuchitina elongata' 
85 'TLR' 'Tanuchitina laurentiana' 
86 'TMR' 'Trochochitina multiramosa' 
87 'TRD' 'Trochochitina radiata' 
88 'CKP' 'Cyathochitina kuckersiana patagiata' 
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Data File (.DAT)  
Taxon# Event 
Type 
Section# Strat Level Level# Allowed 
Moves 
Weight Up Weight Down 
1 1 4 -1299.431818 7 1 1 1 
1 1 16 35.66591 1 1 1 1 
1 2 4 -842.613636 13 2 1 1 
1 2 16 171.947486 12 2 1 1 
2 1 10 108.801342 15 1 1 1 
2 1 16 35.66591 1 1 1 1 
2 1 17 77.163006 3 1 1 1 
2 1 21 0.1 1 1 1 1 
2 2 10 108.801342 15 2 1 1 
2 2 16 171.947486 12 2 1 1 
2 2 17 77.163006 3 2 1 1 
2 2 21 0.1 1 2 1 1 
3 1 6 101.391618 17 1 1 1 
3 1 7 8.535714 6 1 1 1 
3 2 6 102.487848 18 2 1 1 
3 2 7 8.535714 6 2 1 1 
4 1 13 -257.954545 2 1 1 1 
4 2 13 -52.272727 6 2 1 1 
5 1 11 111.7189 7 1 1 1 
5 2 11 111.7189 7 2 1 1 
6 1 5 59.737906 10 1 1 1 
6 1 6 100.295387 16 1 1 1 
6 1 7 7.735714 5 1 1 1 
6 2 5 60.604332 11 2 1 1 
6 2 6 102.487848 18 2 1 1 
6 2 7 8.535714 6 2 1 1 
7 1 6 25.093987 8 1 1 1 
7 2 6 104.680309 20 2 1 1 
8 1 14 29.039035 5 1 1 1 
8 1 15 151.493576 9 1 1 1 
8 1 16 290.26159 17 1 1 1 
8 1 17 70.308034 2 1 1 1 
8 2 14 42.705706 7 2 1 1 
8 2 15 155.375534 11 2 1 1 
8 2 16 350.266165 21 2 1 1 
8 2 17 277.836736 11 2 1 1 
9 1 4 -1251.704545 8 1 1 1 
9 2 4 -661.931818 17 2 1 1 
10 1 2 -440.06 5 1 1 1 
10 2 2 -259.08 10 2 1 1 
11 1 2 -499.11 3 1 1 1 
11 2 2 -411.48 6 2 1 1 
12 1 5 15.116968 3 1 1 1 
12 1 6 7.335056 3 1 1 1 
12 2 5 39.810108 5 2 1 1 
12 2 6 15.44716 7 2 1 1 
13 1 5 47.896751 6 1 1 1 
13 1 6 13.035453 5 1 1 1 
13 1 7 0.021429 1 1 1 1 
13 2 5 47.896751 6 2 1 1 
13 2 6 95.471974 14 2 1 1 
13 2 7 1.707143 3 2 1 1 
14 1 4 -1797.159091 1 1 1 1 
14 1 10 24.036693 3 1 1 1 
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14 1 12 298.836338 13 1 1 1 
14 1 14 15.259416 1 1 1 1 
14 1 15 146.469865 8 1 1 1 
14 1 17 70.308034 2 1 1 1 
14 2 4 -1694.886364 2 2 1 1 
14 2 10 24.036693 3 2 1 1 
14 2 12 587.862393 21 2 1 1 
14 2 14 21.358591 2 2 1 1 
14 2 15 153.54873 10 2 1 1 
14 2 17 277.836736 11 2 1 1 
15 1 19 30 2 1 1 1 
15 1 20 0.151515 1 1 1 1 
15 2 19 76.666667 5 2 1 1 
15 2 20 5.075758 2 2 1 1 
16 1 6 77.713043 11 1 1 1 
16 1 7 0.021429 1 1 1 1 
16 2 6 95.471974 14 2 1 1 
16 2 7 1.335714 2 2 1 1 
17 1 5 49.918412 8 1 1 1 
17 1 6 62.146572 9 1 1 1 
17 1 7 0.021429 1 1 1 1 
17 1 10 11.049181 2 1 1 1 
17 1 11 27.972488 1 1 1 1 
17 1 12 27.16694 1 1 1 1 
17 1 14 42.705706 7 1 1 1 
17 1 15 38.916783 1 1 1 1 
17 1 16 148.894881 11 1 1 1 
17 1 17 20.799909 1 1 1 1 
17 2 5 50.640433 9 2 1 1 
17 2 6 93.060267 13 2 1 1 
17 2 7 1.707143 3 2 1 1 
17 2 10 42.634195 6 2 1 1 
17 2 11 103.222887 6 2 1 1 
17 2 12 612.0108 23 2 1 1 
17 2 14 48.353091 8 2 1 1 
17 2 15 161.084297 12 2 1 1 
17 2 16 360.097422 23 2 1 1 
17 2 17 246.423754 9 2 1 1 
18 1 19 153.333333 11 1 1 1 
18 1 20 21.287879 5 1 1 1 
18 2 19 160.952381 12 2 1 1 
18 2 20 24.393939 8 2 1 1 
19 1 2 -440.06 5 1 1 1 
19 2 2 -440.06 5 2 1 1 
20 1 2 -289.56 9 1 1 1 
20 2 2 -289.56 9 2 1 1 
21 1 2 -440.06 5 1 1 1 
21 1 4 -1797.159091 1 1 1 1 
21 1 9 33.755815 4 1 1 1 
21 1 10 24.036693 3 1 1 1 
21 1 11 27.972488 1 1 1 1 
21 1 12 30.185489 2 1 1 1 
21 1 13 -262.5 1 1 1 1 
21 1 15 38.916783 1 1 1 1 
21 1 16 35.66591 1 1 1 1 
21 1 17 70.308034 2 1 1 1 
21 2 2 -381 7 2 1 1 
21 2 4 -1555.113636 3 2 1 1 
21 2 9 203.131563 11 2 1 1 
P a g e  | 41 
 
21 2 10 24.036693 3 2 1 1 
21 2 11 309.352752 12 2 1 1 
21 2 12 317.702269 14 2 1 1 
21 2 13 -25 7 2 1 1 
21 2 15 153.54873 10 2 1 1 
21 2 16 180.761717 14 2 1 1 
21 2 17 193.751481 7 2 1 1 
22 1 1 77.083333 2 1 1 1 
22 1 4 -1490.340909 6 1 1 1 
22 2 1 77.083333 2 2 1 1 
22 2 4 -1251.704545 8 2 1 1 
23 1 19 76.666667 5 1 1 1 
23 1 20 0.151515 1 1 1 1 
23 2 19 91.904762 6 2 1 1 
23 2 20 6.136364 3 2 1 1 
24 1 9 13.935666 1 1 1 1 
24 1 11 103.222887 6 1 1 1 
24 1 12 59.61634 3 1 1 1 
24 2 9 13.935666 1 2 1 1 
24 2 11 145.096093 8 2 1 1 
24 2 12 59.61634 3 2 1 1 
25 1 14 42.705706 7 1 1 1 
25 1 15 38.916783 1 1 1 1 
25 1 16 147.199836 10 1 1 1 
25 1 17 20.799909 1 1 1 1 
25 2 14 42.705706 7 2 1 1 
25 2 15 132.997186 7 2 1 1 
25 2 16 360.097422 23 2 1 1 
25 2 17 277.836736 11 2 1 1 
26 1 8 74.230769 1 1 1 1 
26 1 19 -2.380952 1 1 1 1 
26 1 20 0.151515 1 1 1 1 
26 2 8 159.615385 6 2 1 1 
26 2 19 160.952381 12 2 1 1 
26 2 20 25.454545 9 2 1 1 
27 1 8 74.230769 1 1 1 1 
27 2 8 75.615385 2 2 1 1 
28 1 5 14.106137 2 1 1 1 
28 1 6 13.035453 5 1 1 1 
28 2 5 49.19639 7 2 1 1 
28 2 6 15.008668 6 2 1 1 
29 1 1 77.083333 2 1 1 1 
29 2 1 77.083333 2 2 1 1 
30 1 2 -560.07 1 1 1 1 
30 2 2 -560.07 1 2 1 1 
31 1 1 77.083333 2 1 1 1 
31 2 1 77.083333 2 2 1 1 
32 1 13 -262.5 1 1 1 1 
32 2 13 -96.022727 4 2 1 1 
33 1 4 -1548.295455 4 1 1 1 
33 2 4 -1524.431818 5 2 1 1 
34 1 2 -527.69 2 1 1 1 
34 2 2 -499.11 3 2 1 1 
35 1 2 -381 7 1 1 1 
35 1 9 91.798908 5 1 1 1 
35 1 10 11.049181 2 1 1 1 
35 1 12 85.274006 6 1 1 1 
35 1 16 61.091577 4 1 1 1 
35 2 2 -381 7 2 1 1 
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35 2 9 169.356488 9 2 1 1 
35 2 10 75.525646 9 2 1 1 
35 2 12 560.695453 18 2 1 1 
35 2 16 147.199836 10 2 1 1 
36 1 13 -262.5 1 1 1 1 
36 2 13 -262.5 1 2 1 1 
37 1 13 -226.704545 3 1 1 1 
37 2 13 -75 5 2 1 1 
38 1 2 -560.07 1 1 1 1 
38 1 3 19.953488 5 1 1 1 
38 2 2 -560.07 1 2 1 1 
38 2 3 25.674419 6 2 1 1 
39 1 2 -499.11 3 1 1 1 
39 2 2 -499.11 3 2 1 1 
40 1 3 3.069767 1 1 1 1 
40 2 3 6.837209 2 2 1 1 
41 1 13 -262.5 1 1 1 1 
41 1 14 15.259416 1 1 1 1 
41 1 15 146.469865 8 1 1 1 
41 1 16 295.685732 18 1 1 1 
41 1 17 70.308034 2 1 1 1 
41 2 13 -52.272727 6 2 1 1 
41 2 14 48.353091 8 2 1 1 
41 2 15 172.04512 13 2 1 1 
41 2 16 350.266165 21 2 1 1 
41 2 17 277.836736 11 2 1 1 
42 1 3 3.069767 1 1 1 1 
42 2 3 12.55814 4 2 1 1 
43 1 3 6.837209 2 1 1 1 
43 2 3 19.953488 5 2 1 1 
44 1 7 8.535714 6 1 1 1 
44 1 8 200.538462 7 1 1 1 
44 1 18 11.995885 5 1 1 1 
44 1 19 200.47619 13 1 1 1 
44 1 20 10.227273 4 1 1 1 
44 2 7 10.478571 7 2 1 1 
44 2 8 216.384615 8 2 1 1 
44 2 18 11.995885 5 2 1 1 
44 2 19 231.428571 14 2 1 1 
44 2 20 30.151515 13 2 1 1 
45 1 9 13.935666 1 1 1 1 
45 1 10 29.877231 4 1 1 1 
45 1 11 67.418262 3 1 1 1 
45 1 12 209.789147 10 1 1 1 
45 1 14 23.39165 3 1 1 1 
45 1 15 132.997186 7 1 1 1 
45 1 16 35.66591 1 1 1 1 
45 1 16 317.382302 19 1 1 1 
45 1 17 152.819413 5 1 1 1 
45 1 19 243.809524 15 1 1 1 
45 1 20 10.227273 4 1 1 1 
45 2 9 203.131563 11 2 1 1 
45 2 10 94.968489 12 2 1 1 
45 2 11 340.074877 16 2 1 1 
45 2 12 467.120438 15 2 1 1 
45 2 14 30.959146 6 2 1 1 
45 2 15 151.493576 9 2 1 1 
45 2 16 125.503267 8 2 1 1 
45 2 16 351.961209 22 2 1 1 
P a g e  | 43 
 
45 2 17 277.836736 11 2 1 1 
45 2 19 243.809524 15 2 1 1 
45 2 20 26.818182 10 2 1 1 
46 1 14 15.259416 1 1 1 1 
46 1 15 146.469865 8 1 1 1 
46 1 16 271.95511 16 1 1 1 
46 1 17 70.308034 2 1 1 1 
46 2 14 42.705706 7 2 1 1 
46 2 15 172.04512 13 2 1 1 
46 2 16 337.044818 20 2 1 1 
46 2 17 277.836736 11 2 1 1 
47 1 5 39.810108 5 1 1 1 
47 1 6 2.292396 1 1 1 1 
47 1 7 0.021429 1 1 1 1 
47 1 9 23.4982 3 1 1 1 
47 1 10 4.055905 1 1 1 1 
47 1 11 51.033094 2 1 1 1 
47 1 12 70.935898 4 1 1 1 
47 1 18 11.995885 5 1 1 1 
47 2 5 59.737906 10 2 1 1 
47 2 6 104.02257 19 2 1 1 
47 2 7 10.478571 7 2 1 1 
47 2 9 130.077326 7 2 1 1 
47 2 10 54.776366 7 2 1 1 
47 2 11 317.84176 13 2 1 1 
47 2 12 569.7511 19 2 1 1 
47 2 18 11.995885 5 2 1 1 
48 1 13 -262.5 1 1 1 1 
48 2 13 -25 7 2 1 1 
49 1 4 -1490.340909 6 1 1 1 
49 1 11 83.803429 5 1 1 1 
49 1 12 96.593564 7 1 1 1 
49 1 14 27.118924 4 1 1 1 
49 1 15 61.523482 3 1 1 1 
49 1 16 317.382302 19 1 1 1 
49 1 17 20.799909 1 1 1 1 
49 2 4 -1251.704545 8 2 1 1 
49 2 11 83.803429 5 2 1 1 
49 2 12 250.539556 12 2 1 1 
49 2 14 30.959146 6 2 1 1 
49 2 15 132.997186 7 2 1 1 
49 2 16 317.382302 19 2 1 1 
49 2 17 277.836736 11 2 1 1 
50 1 16 35.66591 1 1 1 1 
50 2 16 137.368578 9 2 1 1 
51 1 9 33.755815 4 1 1 1 
51 1 12 70.935898 4 1 1 1 
51 2 9 33.755815 4 2 1 1 
51 2 12 482.967819 16 2 1 1 
52 1 2 -411.48 6 1 1 1 
52 1 5 0.098917 1 1 1 1 
52 1 6 11.719977 4 1 1 1 
52 1 7 0.021429 1 1 1 1 
52 1 8 74.230769 1 1 1 1 
52 1 9 23.4982 3 1 1 1 
52 1 10 88.897403 11 1 1 1 
52 1 12 124.515141 8 1 1 1 
52 1 13 -262.5 1 1 1 1 
52 1 15 38.916783 1 1 1 1 
P a g e  | 44 
 
52 1 16 35.66591 1 1 1 1 
52 1 17 20.799909 1 1 1 1 
52 1 19 -2.380952 1 1 1 1 
52 1 20 0.151515 1 1 1 1 
52 2 2 -381 7 2 1 1 
52 2 5 49.918412 8 2 1 1 
52 2 6 89.55233 12 2 1 1 
52 2 7 0.021429 1 2 1 1 
52 2 8 75.615385 2 2 1 1 
52 2 9 109.812281 6 2 1 1 
52 2 10 108.03285 14 2 1 1 
52 2 12 124.515141 8 2 1 1 
52 2 13 -25 7 2 1 1 
52 2 15 161.084297 12 2 1 1 
52 2 16 121.096151 7 2 1 1 
52 2 17 262.923502 10 2 1 1 
52 2 19 131.428571 8 2 1 1 
52 2 20 28.712121 12 2 1 1 
53 1 12 250.539556 12 1 1 1 
53 2 12 250.539556 12 2 1 1 
54 1 9 16.743185 2 1 1 1 
54 1 10 4.055905 1 1 1 1 
54 1 11 71.05941 4 1 1 1 
54 1 12 77.727633 5 1 1 1 
54 1 15 44.625545 2 1 1 1 
54 1 16 38.038972 2 1 1 1 
54 1 17 206.760898 8 1 1 1 
54 2 9 169.356488 9 2 1 1 
54 2 10 108.03285 14 2 1 1 
54 2 11 217.312201 9 2 1 1 
54 2 12 569.7511 19 2 1 1 
54 2 15 71.114203 4 2 1 1 
54 2 16 137.368578 9 2 1 1 
54 2 17 206.760898 8 2 1 1 
55 1 8 132.384615 4 1 1 1 
55 2 8 149.615385 5 2 1 1 
56 1 1 25 1 1 1 1 
56 1 2 -350.52 8 1 1 1 
56 2 1 25 1 2 1 1 
56 2 2 -350.52 8 2 1 1 
57 1 18 7.016461 3 1 1 1 
57 1 19 133.809524 9 1 1 1 
57 1 20 10.227273 4 1 1 1 
57 2 18 8.045267 4 2 1 1 
57 2 19 150.47619 10 2 1 1 
57 2 20 23.106061 7 2 1 1 
58 1 2 -560.07 1 1 1 1 
58 1 3 3.069767 1 1 1 1 
58 2 2 -560.07 1 2 1 1 
58 2 3 25.674419 6 2 1 1 
59 1 3 10.604651 3 1 1 1 
59 2 3 12.55814 4 2 1 1 
60 1 3 3.069767 1 1 1 1 
60 2 3 19.953488 5 2 1 1 
61 1 4 -539.204545 20 1 1 1 
61 1 5 0.098917 1 1 1 1 
61 1 6 4.046365 2 1 1 1 
61 2 4 -116.477273 23 2 1 1 
61 2 5 15.838989 4 2 1 1 
P a g e  | 45 
 
61 2 6 15.44716 7 2 1 1 
62 1 4 -685.795455 16 1 1 1 
62 2 4 -621.022727 19 2 1 1 
63 1 4 -713.068182 15 1 1 1 
63 2 4 -685.795455 16 2 1 1 
64 1 1 77.083333 2 1 1 1 
64 1 4 -856.25 12 1 1 1 
64 1 20 0.151515 1 1 1 1 
64 2 1 77.083333 2 2 1 1 
64 2 4 -828.977273 14 2 1 1 
64 2 20 28.712121 12 2 1 1 
65 1 4 -641.477273 18 1 1 1 
65 1 5 0.098917 1 1 1 1 
65 1 19 37.619048 3 1 1 1 
65 1 20 0.151515 1 1 1 1 
65 2 4 -406.25 21 2 1 1 
65 2 5 15.838989 4 2 1 1 
65 2 19 61.904762 4 2 1 1 
65 2 20 0.151515 1 2 1 1 
66 1 10 88.897403 11 1 1 1 
66 1 11 145.096093 8 1 1 1 
66 1 12 172.057286 9 1 1 1 
66 1 15 38.916783 1 1 1 1 
66 1 16 119.062098 6 1 1 1 
66 2 10 108.03285 14 2 1 1 
66 2 11 309.352752 12 2 1 1 
66 2 12 612.010784 23 2 1 1 
66 2 15 94.405953 5 2 1 1 
66 2 16 173.981539 13 2 1 1 
67 1 1 25 1 1 1 1 
67 2 1 25 1 2 1 1 
68 1 13 -262.5 1 1 1 1 
68 2 13 -25 7 2 1 1 
69 1 4 -1548.295455 4 1 1 1 
69 1 8 74.230769 1 1 1 1 
69 1 12 598.427314 22 1 1 1 
69 1 13 -262.5 1 1 1 1 
69 1 19 -2.380952 1 1 1 1 
69 1 20 0.151515 1 1 1 1 
69 2 4 -1214.204545 9 2 1 1 
69 2 8 107.307692 3 2 1 1 
69 2 12 598.427314 22 2 1 1 
69 2 13 -25 7 2 1 1 
69 2 19 153.333333 11 2 1 1 
69 2 20 27.424242 11 2 1 1 
70 1 1 25 1 1 1 1 
70 1 2 -198.12 11 1 1 1 
70 2 1 77.083333 2 2 1 1 
70 2 2 -167.64 12 2 1 1 
71 1 4 -1132.386364 10 1 1 1 
71 2 4 -1002.840909 11 2 1 1 
72 1 3 10.604651 3 1 1 1 
72 2 3 25.674419 6 2 1 1 
73 1 19 37.619048 3 1 1 1 
73 2 19 61.904762 4 2 1 1 
74 1 20 21.287879 5 1 1 1 
74 2 20 28.712121 12 2 1 1 
75 1 18 0.679012 1 1 1 1 
75 1 19 104.761905 7 1 1 1 
P a g e  | 46 
 
75 1 20 10.227273 4 1 1 1 
75 2 18 8.045267 4 2 1 1 
75 2 19 153.333333 11 2 1 1 
75 2 20 28.712121 12 2 1 1 
76 1 5 0.098917 1 1 1 1 
76 2 5 15.838989 4 2 1 1 
77 1 20 0.151515 1 1 1 1 
77 2 20 22.272727 6 2 1 1 
78 1 2 -468.63 4 1 1 1 
78 2 2 -411.48 6 2 1 1 
79 1 2 -440.06 5 1 1 1 
79 2 2 -440.06 5 2 1 1 
80 1 10 67.379632 8 1 1 1 
80 1 11 323.501099 14 1 1 1 
80 1 13 -262.5 1 1 1 1 
80 2 10 81.289334 10 2 1 1 
80 2 11 340.074877 16 2 1 1 
80 2 13 -25 7 2 1 1 
81 1 11 67.418262 3 1 1 1 
81 1 12 59.61634 3 1 1 1 
81 2 11 231.876794 10 2 1 1 
81 2 12 209.789147 10 2 1 1 
82 1 6 93.060267 13 1 1 1 
82 1 7 1.707143 3 1 1 1 
82 2 6 95.910466 15 2 1 1 
82 2 7 2.85 4 2 1 1 
83 1 4 -1002.840909 11 1 1 1 
83 2 4 -341.477273 22 2 1 1 
84 1 2 -198.12 11 1 1 1 
84 2 2 -198.12 11 2 1 1 
85 1 5 0.098917 1 1 1 1 
85 1 6 2.292396 1 1 1 1 
85 1 18 6.646091 2 1 1 1 
85 1 20 0.151515 1 1 1 1 
85 2 5 50.640433 9 2 1 1 
85 2 6 71.793399 10 2 1 1 
85 2 18 8.045267 4 2 1 1 
85 2 20 24.393939 8 2 1 1 
86 1 9 200.129335 10 1 1 1 
86 1 10 75.525646 9 1 1 1 
86 1 12 560.695453 18 1 1 1 
86 1 15 111.76059 6 1 1 1 
86 1 16 112.620929 5 1 1 1 
86 1 17 125.848671 4 1 1 1 
86 2 9 200.129335 10 2 1 1 
86 2 10 101.193273 13 2 1 1 
86 2 12 578.052109 20 2 1 1 
86 2 15 132.997186 7 2 1 1 
86 2 16 262.123852 15 2 1 1 
86 2 17 177.251733 6 2 1 1 
87 1 9 16.743185 2 1 1 1 
87 1 10 4.055905 1 1 1 1 
87 1 11 235.781346 11 1 1 1 
87 1 12 239.974635 11 1 1 1 
87 1 16 35.66591 1 1 1 1 
87 2 9 161.350544 8 2 1 1 
87 2 10 36.025165 5 2 1 1 
87 2 11 327.139245 15 2 1 1 
87 2 12 550.130532 17 2 1 1 
P a g e  | 47 
 
87 2 16 49.565274 3 2 1 1 
88 1 13 -257.954545 2 1 1 1 
88 2 13 -25 7 2 1 1 
 
 
 
 
